Haemodynamics of patients with severe lower limb arterial disease: The critical aspects of critical ischaemia  by Vayssariat, M. et al.
Eur J Vasc Endovasc Surg 14, 284-289 (1997) 
Haemodynamics of Patients with Severe Lower Limb Arterial Disease: 
The Critical Aspects of Critical Ischaemia 
M. Vayssariat .1, P. Gouny 2, C. Cheynel ~, J.-P. Gaitz 1, N. Baudot ~ and O. Nussaume 2 
%aboratory of Microcirculation and 2Department of Vascular Surgery, Tenon Hospital, University of Paris V/, 4 rue 
de la Chine, 75020 Paris, France 
Objectives: To compare the value of ankle and toe pressures as regards the diagnosis of critical ischaemia, its prognosis, 
and the need for vascular surgery. 
Design: University hospital-based retrospective study. 
Materials and methods: Fifty-seven patients (23 women and 34 men) with gangrene or rest pain had a haemodynamic 
evaluation combining ankle systolic pressure, toe pressure and cutaneous oximetry (tcPOp with long-term follow-up 
(until death, for 44%). 
Results: After 2 years of follow-up, actuarial rates were 49 and 79% for survival and limb salvage, respectively. Ankle 
and toe pressures gave rise to different subsets of patients, p<O.O01, mainly because of the existence ofa group of patients 
with very distal foot arterial disease. Low ankle pressure was linked to the risk of major amputation. Low toe pressure 
was linked to a great need for vascular surgery. Diabetes increased the risk of minor amputation. 
Conclusions: The concept of critical ischaemia remains clinically relevant. Haemodynamic quantitative data strengthen 
this concept, but ankle and toe pressures are not interchangeable parameters. For these reasons, toe pressures should be 
changed from a recommended to a mandatory haemodynamic parameter in the defi'nition of critical ischaemia. 
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Introduction 
The term "limb critical ischaemia" (CI) was coined in 
1982 by Bell et al. 1 The innovation was to reinforce 
the clinical findings with haemodynamic quantitative 
data. CI was defined as chronic rest pain together with 
an ankle systolic pressure of <40 mmHg, or superficial 
tissue necrosis of the foot, or digital gangrene together 
with an ankle pressure of <60 mmHg, In 1986, the Ad 
Hoc Committee on Reporting Standards, Society for 
Vascular Surgery and International Society for Cardio- 
vascular Surgery adopted this definition} Later the 
European Consensus Document (ECD) gave a different 
definition: "chronic critical ischemia, in both diabetic 
and non diabetic patients, is defined by either of the 
following two criteria: persistently recurring ischemic 
rest pain requiring regular adequate analgesia for 
more than 2 weeks, with an ankle systolic pressure 
<50mmHg and/or a toe systolic pressure of 
< 30 mmHg; or ulceration or gangrene of the foot or 
toes, with an ankle systolic pressure of < 50 mmHg or 
a toe systolic pressure of < 30 mmHg". 3
* Address correspondence to: M. Vayssairat 
Thus, although toe pressure is recommended for 
reporting of clinical trials, it is not compulsory to fulfil 
the definition of CI. The present study was undertaken 
to compare toe and ankle pressures in a well char- 
acterised series of patients with rest pain or gangrene, 
and to assess the degree of equivalence of these two 
different haemodynamic data as regards the definition 
of CI, its prognosis, and indications for vascular sur- 
gery. 
Patients and methods 
Patients 
From January 1993 to October 1996, 57 adult patients 
(34 males, 23 females; age 75.9 + 1.4 years (range: 43- 
96)) with chronic Fontaine stage III or IV arterial 
disease, ie. rest pain or foot gangrene lasting for at 
least 14 days and requiring regular analgesia, had a 
haemodynamic evaluation. In all patients this com- 
prised ankle systolic pressure, toe systolic pressure, 
and dorsal foot transcutaneous oximetry (tcPO2). 
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Forty-eight patients had gangrene and nine had rest 
pain only. Twenty-three patients had diabetes, nine of 
these with insulin therapy. All patients had peripheral 
occlusive arterial disease confirmed by arteriography, 
and no patient had palpable ankle pulses. Patients with 
acute ischaemia, neuropathic foot pain, incompressible 
ankle arteries, peripheral cardiac emboli and throm- 
boangiitis were excluded. 
Haemodynamic evaluation 
All patients were investigated by the same two prac- 
titioners (NB and JPG) using the same devices. Routine 
measurements were carried out in a relaxed supine 
position at the warm room temperature of 24 + 1.9 °C, 
after an acclimatisation period of 10min to allow 
the patient to reach thermal equilibrium. To obtain 
accurate standardised measurements, 4'5 the tem- 
perature of the dorsal part of the foot was measured 
with a thermocouple and a multichannel recorder 
(BAT-10 thermometer, Sensortek, Clifton, U.S.A.), and 
when the skin temperature was lower than 27 °C the 
foot was slightly prewarmed before the examination. 
The haemodynamic evaluation lasted for about i h. 
The arterial systolic pressure of the dorsal pedal and 
posterior tibial arteries was measured by ultra- 
sonography, using an 8 MHz Doppler velocimeter (810 
A, Parks Electronic, Beaverton, Oregon, U.S.A.) and a 
12 cm wide pneumatic uff connected to a mercury 
manometer. The highest of these two values was taken 
as the ankle pressure. In addition, the ankle index was 
calculated as the ratio of ankle-to-brachial systolic 
pressure. Patients with incompressible arteries were 
excluded from the study in order to have ankle and 
toe pressure recordings for all patients participating 
in the study. 
Toe systolic pressure was recorded on the big toe 
with a thin pneumatic 2.4 cm wide cuff, and a mercury 
strain gauge (Medimatic SP2 plethysmograph, Copen- 
hagen, Denmark). 
TcPO2 was measured by a transcutaneous oxygen 
monitor (TCM2 Radiometer, Copenhagen, Denmark). 
Twice a day, it was calibrated for atmospheric pressure 
(Prolabo barometer). A Clark electrode was fitted on 
the dorsal part of the foot, between the first and second 
metatarsals, and was heated to 44 °C. The patient 
remained supine for a 15min equilibration period 
(supine TcPO2). 
The above evaluations allowed all patients to be 
classified according to the two haemodynamic pos- 
sibilities given by the European Consensus Document, 
i.e. ankle pressure of <50mmHg (AP<50) and toe 
pressure of ~ 30 mmHg (TP < 30). 
Evaluation prognosis 
The severity of foot ischaemia was estimated by meas- 
uring cutaneous oximetry, a non-invasive method 
which has proved accurate for prognosis purposes. ~ 
Prognosis was estimated by drawing life-table sur- 
vival curves with the following end points: death, 
amputation (toe, metatarsal, below knee, thigh), minor 
amputation only (toe, metatarsal), major amputation 
(below knee, thigh), and the need for reconstructive 
surgery (including percutaneous angioplasty). For 
most patients the last day of follow-up was their 
last visit to our department. For some patients the 
information concerning their outcome was obtained 
by a telephone interview of the patient, the family or 
general practitioner. One patient was lost to follow- 
up after 49 days. 
Statistical nalysis 
The degree of agreement between AP < 50 and TP < 30 
was assessed by the Mac Nemar test. 9The Kaplan- 
Meier and log-rank tests were used to compare the 
outcome for patients with CI and those without, and 
for each of the two systems of classification, AP < 50 
and TP < 30. We plotted life-table survival curves giv- 
ing the number of patients at risk at the beginning of 
each period of analysis, and the period for which the 
standard error was <10%. Continuous variables were 
compared by the Mann-Whitney U-test, and discrete 
variables by the Fisher exact test. Except when other- 
wise specified, average values were expressed as 
means±standard error, and p<0.05 was considered 
significant. 
Results 
Patient characteristics 
Demographic and haemodynamic characteristics are 
given in Table 1. The ankle pressure was lower in 
patients with subsequent major amputation, 
40 + 12 mmHg vs. 86 +_ 6 for the others, p = 0.004. TcPO2 
values in patients with TP < 30 were significantly lower 
than in other patients, 13.8 _+ 2.4 vs. 27.6 + 3.5, p<0.002. 
In contrast, TcPO2 values did not differ significantly 
in patients with AP G 50 and others (Table 2). 
In diabetic patients there were no significant dif- 
ferences compared to non-diabetic patients as regards 
haemodynamic data. 
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Table 1. Demographic and haemodynamic data for 57 patients 
with severe lower limb ischaemia. 
Item Unit Mean s.E.~.* Range 
Age Year 75.9 1.4 43-96 
Weight Kg 63 3 40-80 
Height Cm 163 1 158-170 
Ambient temperature Degree Cent. 24 0.3 21-26 
Foot temperature Degree Cent. 29.3 0.4 23.7-32.3 
Humeral pressure mmHg 151 4 100-220 
Ankle pressure mmHg 78 6 0-220 
Ankle index % 51.8 4 0-133 
Toe pressure mmHg 30 3.9 0-110 
TcPO2 mmHg 18.9 2 0-52 
* Standard error of the mean. 
Table 2. TcPO2 values for patients with and without critical 
ischaemia according to each of the two classification systems. 
TcPO2 Values (ram Hg) 
Classification Critical Critical 
system ischaemia ischaemia p 
÷ m 
AP=<50 12.2+__3.9 21.3±2 0.07 
TP G 30 13.8 ± 2 27.6 ÷ 3 0.002 
AP = ankle pressure; TP = toe pressure. 
Table 3. Degree of agreement between the two haemodynamic 
systems of classification of critical ischaemia, from the European 
Consensus Document. 
Ankle Toe 
AP<=50 TPG30 
Agreement + ÷ 13 
32/57 (56%) - - 19 
Disagreement + - 2 
25/57 (44%) - ÷ 23 
Table 4. Final outcome for 57 patients with severe lower limb 
ischaemia at the end of follow-up. 
Outcome Number % 
Revascularizasion 
~[btal group 35/5t 61 
Diabetes 16/23 82 
No diabetes 19/34 55.8 
Amputations 
Toe 15/57 26 
Transmetatarsal 5 / 57 8 
Minor (total) 20/57 35 
Leg 6/57 10 
Thigh 4/57 7 
Major (total) 10/57 17.5 
Minor+Major (total) 30/57 52 
Death 
Death 25/57 43.8 
Death and/or major amputation 31/57 54 
Table 5. Number and % of patients requiring revascularisation 
according to the two haemodynamic classification systems for 
critical ischemia. 
% of revascularisation 
Critical Critical 
ischaemia ischaemia 
+ 
AP N 50 mmHg 10/15 25/42 0.76 
66% 59% 
TP ~ 30 mmHg 28/36 7/21 0.0016 
77% 33% 
AP = ankle pressure, TP = toe pressure. 
Agreement between ankle pressure and toe pressure 
Of the total of 57 patients, 15 (26%) had an 
AP ~ 50 mmHg and 36 (63%) a TP _-_G 30. The degree of 
agreement between these two classification systems is 
shown in Table 3. There was disagreement for 25/ 
57 patients (44%). The Mac Nemar test showed that 
discrepancies between AP ~50 and TP G30 were sig- 
nificant, p<0.001. For 23 of the 25 cases of disagreement, 
ankle pressure was >50mmHg, and toe pressure 
~30 mmHg. The discrepancies were similar for dia- 
betic and non-diabetic patients; 43.5 vs. 44%, re- 
spectively. 
Outcome and prognosis 
During a mean follow-up of 614 ± 71 days (range for 
surviving patients: 49-1465), the proportion of deaths 
was 43.8%, of major amputation, 17.5%, minor + major 
amputations, 52%, and of patients who had re- 
vascularisation, 61% (Table 4). 
The number of patients who required re- 
vascularisation is given in Table 5. Seventy-seven per 
cent of patients with TP ~ 30 underwent surgery vs. 
only 33% of those without, p = 0.0016. In contrast, ankle 
pressure did not indicate the need for re- 
vascularisation, p = 0.76. 
In the subgroup of 22 non-operated patients, two 
were in poor general condition and died during their 
hospitalisation. For the remaining 20, medical treat- 
ment was chosen when the run-off was judged on the 
basis of arteriography to be very poor, and when the 
clinical features gave reason to hope for per-primam 
healing of the trophic lesions. Eventually there were 
only one major amputation and eight minor am- 
putations in this non-operated subgroup. 
The life-table actuarial curves concerning survival 
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Fig. 1. Life-table analysis of the cumulative survival rate for 57 
patients with rest pain or gangrene. Standard error <10% for plot 
through 1301 days. 
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Fig. 2. Life-table analysis of the cumulative major amputation rate 
for 57 patients with rest pain or gangrene. Standard error <10% for 
plot through 1428 days. 
and major amputat ion rates are given in Figs 1 and 2. 
Actuarial survival rates were 84% at 100 days, 68% at 
1 year, and 49% at 2 years. The actuarial major limb 
salvage rate was 86% at 100 days, and 79% at 1 year, 
and did not subsequently decrease. Ankle pressure 
(<50 mmHg versus the others), was predictive of a 
1oo  % Major amputation 
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Fig. 3. Life-table analysis of cumulative amputation rates for 57 
patients with rest pain or gangrene according to their ankle pressure. 
Log-rank p=0.0022. Cumulative %; (©) ankle P<50mmHg; (D) 
ankle P>50 mmHg. 
risk of major amputat ion (Fig. 3), log-rank test, p = 
0.0022, but toe pressure was not discriminant for that 
risk. 
In the subgroup of patients combining ankle 
P>50 mmHg and toe P < 30 mmHg,  87% needed vas- 
cular surgery. In the diabetic group, 82% needed re- 
constructive vascular surgery, and there was a 
significant increased risk of minor amputat ion (57 vs. 
30%, p = 0.04, log-rank test). 
Discussion 
The best definition of critical ischaemia might be that 
of Scheffier, ~° i.e. Fontaine stage III or IV arterial disease 
that fails to respond to optimal medical care and 
requires reconstructive surgery or major amputation. 
The only drawback to this definition is its post hoc 
character, which is not consistent with clinical practice, 
in which accurate prognosis is needed at the early 
stage of the gangrenous state, when the trophic lesions 
are only small. Several haemodynamic  parameters 
have become increasingly popular  for assessing the 
outcome of ischaemia and guiding its therapeutic 
course, chiefly ankle pressure, 11-13 toe pressure 5'14"1~ and 
tcPO2 .6-8,1° 
In the present study we compared two different 
haemodynamic parameters in the same series of well 
characterised patients with rest pain or gangrene. One 
striking result was the fact that AP< 50 and TP_<30 
gave rise to different subsets of patients, as only 32/ 
57 (56%) were concordant in this respect. The most 
frequent source of disagreement concerned patients 
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with an ankle pressure of >50 mmHg and a toe pres- 
sure of G 30 mmHg, indicating that small vessel dis- 
ease was also present in such patients. These 
discrepancies might have prognostic and therapeutic 
consequences, as these two definitions of CI gave 
different frequencies for revascularisation, i dicating 
different interpretations of the results for assignment 
to treatment. 
The present series has the weakness of all retro- 
spective studies, i.e. the unknown character of the 
impact of the haemodynamic data on the vascular 
surgeon's decision about revascularisation, and on 
the changes in prognosis induced by the treatment. 
However, the series does seem representative of a non- 
biased population with Fontaine stage III/IV arterial 
disease, as our results are similar to those for the series 
reported by Rivers et al., 16 in which 50% of the cases 
did not need revascularisation vs. 39% in our series. 
They are also similar to the results for the series tudied 
by Wolfe et al., 17 which included 409 patients with no 
revascularisation in 39% of cases, and with a major 
amputation rate of 26% vs. 17.5% in the present study. 
Patients with diabetes were included in our study 
because none of the definitions of CI excludes diabetes, 
which is present in 40% of cases. Diabetic patients 
were clearly defined as a separate category. However, 
ankle pressures are sometimes incompressible in dia- 
betic patients, and for statistical reasons, in order to 
obtain ankle and toe pressure results for all par- 
ticipants, we excluded such patients. Patients with 
incompressible arteries at the ankle level usually have 
reliable toe pressure recordings, thus increasing the 
usefulness of toe pressure in routine practice. As non- 
ischaemic trophic lesions are frequent in diabetes, we 
also excluded patients with neuropathic foot pain, and 
an arteriography was required for inclusion in the 
study. After applying these precautionary measures, 
the diabetic group was not very different from the 
non-diabetic group, except that here were significantly 
more minor amputations in diabetic subjects. These 
findings are in agreement with those for the series 
reported by Wolfe et al., 17 in which ankle pressures 
were the same irrespective of diabetic status. 
Our study provides further support for the concept 
that haemodynamic data have prognostic value. 
Firstly, because ankle pressure was significantly ower 
in patients who ended up with a major amputation, 
and indicated a significantly poorer prognosis despite 
the improvement induced by the treatment. However, 
the ankle pressure was not linked to the necessity 
for revascularisation. Secondly, the fact that the post- 
treatment prognostic value of toe pressure did not 
differ for patients with pressures of above or below 
30 mmHg is explained by the larger number of re- 
vascularised patients when the toe pressure was 
< 30 mmHg. Thirdly, the fact that ankle pressure was 
more closely related to the major amputation rate than 
toe pressure might precisely be due to the discordant 
patients with very distal foot arterial disease, which 
might endanger the foot more than the leg. 
In a recent article, Thompson et at. proposed that CI 
be redefined, 18 because the post treatment prognostic 
value of CI was low. These authors also contested the 
arbitrary cut-off of 50 mmHg for artkle pressure and 
30 mmHg for toe pressure, as these values have never 
been validated by any prospective clinical trial, and 
they also suggested that ankle pressure might reflect 
muscle blood flow and not "the complex mi- 
crocirculatory changes in the skin that accompany CI". 
Our results confirm these criticisms and contribute a
new argument intheir favour, because the same patients 
were not classified as "critical" when they were evalu- 
ated according to ankle pressure or toe pressure. 
In conclusion, the concept of critical ischaemia re- 
mains meaningful for its clinical relevance. Haemo- 
dynamic quantitative data strengthen this concept, but 
ankle and toe pressure are not interchangeable. Low 
ankle pressure is linked to the risk of major am- 
putation, and low toe pressure, with the necessity of 
vascular surgery. For these reasons, toe pressure 
should be a mandatory haemodynamic parameter in 
the definition of critical ischaemia. 
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